Introduction
The murine Pax gene family was identified on the basis of sequence homology with Drosophila segmentation genes [1,2] and now consists of nine members. All Pax proteins contain a paired-box, DNA-binding domain of 128 amino acids located at the amino-terminal end. This domain has been highly conserved during evolution and is found in Drosophila and in human, mouse, rat, chicken, quail and zebrafish genes. Distinct classes or subgroups of Pax genes are defined by the presence or absence of a paired-type homeobox and of an octapeptide coding region, in addition to the paired box (see Fig. 1 ) [3, 4] . Paired box containing proteins are transcription factors, as they display sequence-specific DNA-binding activity and can regulate transcription [5, 6] .
Pax genes display dynamic expression patterns during ontogenesis in a large variety of tissues, and mutant phenotypes correlate very well with the expression patterns (see Fig. 2 ). For example, Pax1 is expressed in the sclerotome and is mutated in undulated mice suffering from skeletal abnormalities [7] . Pax3 is expressed in the limb muscle, neural tube and neural crest, and is mutated in Splotch mice and human Waardenburg syndrome in which malformations of all these structures occur [8, 9] . Pax6 is expressed during eye formation and is mutated in small eye (sey) mice and rats [10-12], and in human aniridia [13] ; in all of these, eye defects are displayed. Pax2 is expressed during eye and kidney development [14] and is mutated in a human family with kidney and eye abnormalities [15] . Pax genes clearly play important roles during the formation of many structures. Furthermore, deregulated expression of Pax genes may lead to oncogenesis [16] [17] [18] .
In this review, we focus on recent data documenting the role of Pax genes, and the interaction of the Pax proteins with other transcription factors, in the development of the nervous system, in organogenesis and in cell proliferation and differentiation.
Pax genes in the central nervous system
The roles of Pax genes are particularly documented at the level of the nervous system, which consequently may represent a model for the study of the function of the Pax genes. All Pax genes, except Pax1 and Pax9, are expressed in various restricted territories in the neural tube. Unlike Hox genes, Pax genes are found in the more rostral domains of the brain: Pax6 is found in the telencephalon [10, 19] , Pax3 and Pax7 in the mesencephalon [19] [20] [21] , and Pax2, Pax5 and Pax8 at the midbrain-hindbrain boundary [19, [22] [23] [24] ] (see Fig. 2 ). In the spinal cord, Pax genes display restricted expression patterns along the dorsoventral axis.
In the brain, comparison of the expression domains of forkhead, Wnt, Engrailed (En), and Pax genes with sites of neuronal differentiation suggest that some Pax proteins are morphoregulators of development of the brain [19, 25, 26] . Several Pax6 semidominant mutations are documented in the mouse, rat and human, with various phenotypic severities. At the cellular level, Pax6 mutations cause a delay in neuronal migrations in a gene-dose-dependent manner, and impair axonal growth and differentiation [27] . In mouse sey mutants, Dlxl gene expression, which is normally specific for the ganglionic eminence, ectopically extends into the cortex, where Pax6 is normally expressed. Pax6 function is thus necessary for establishing and/or maintaining the frontier between two brain territories [28"]. Overexptession of the chicken Enl gene in medulloblastoma cell lines results in the downregulation of PAX6 expression, thus suggesting that these genes are inversely regulated [29] . In addition, grafting experiments of an Engrailed-expressing midbrain-hindbrain piece of neuroepithelium in which fibroblast growth factor (FGF)8 is expressed onto diencephalic structures can induce the expression of En2 in the host adjacent tissues [30] . Moreover, FGF8 has been recently proposed as an organizer of this brain region and could be a major Translocations of human PAX3 or PAX7 result in the expression of a PAX-forkhead fusion protein carrying the intact DNA-binding domains of the PAX3 or PAX7 molecules that are probably responsible for the generation of rhabdomyosarcoma [17, 66] . In the case of the PAX3-forkhead fusion, the molecule produced is a more efficient transcription factor than PAX3 itself and would be expressed under the normal PAX3 promoter [67] . It has not, however, been directly demonstrated that the fusion protein is driven by the PAX promoter.
Deregulation of PAX5 expression has been reported in humans in malignant astrocytomas [68] and medulloblastomas [69] . In addition, the Pax5 promoter is modified in large-cell lymphomas by insertion of the potent E~t enhancer of the IgH gene [70] . It is not clear how Pax5 is acting in these tumours but it may be involved in regulating cell proliferation, as in vitro experiments indicate that Pax5 may regulate proliferation in B cells [71] .
Thus, the overexpression of Pax genes in tissues in which they are normally expressed may lead to tumorigenesis, suggesting that doses of Pax proteins are critical for their normal function. Pax3 and the tyrosine kinase receptor for hepatocyte growth factor/scatter factor that is encoded by the c-met proto-oncogene are expressed in the lateral dermomyotome, that is, the progenitors of limb muscle [73] . Splotch mice display defects in neural-crest derivatives, failure 1.
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5. Similarly, Pax5 was identified as a B cell specific transcription factor that regulates the expression of the CD19 gene which encodes a surface protein [76] . In addition, Pax8, 6. which is expressed in the thyroid, binds to the promoter, and regulates the expression, of the thyroperoxidase and 7. thyroglobuline genes [77] .
In vitro experiments also show that Pax5 can directly inhibit transcription of the p53 gene by binding to the untranslated first exon, and could thereby participate in tumorigenesis [78] .
8.
9.
10.
Conclusions
Pax gene mutants are powerful tools for the study of 11. Pax gene function. Nevertheless, functional redundancy between related members, alternative splicing and complex promoters complicate the analysis. Consequently, 12. knockout mutants are greatly needed to study the effect of defined mutations. New techniques using conditional knockouts and knockins may be used to specifically 13. inactivate the Pax gene of interest in a selected tissue at a defined time.
Pax protein doses play a crucial role in proper function of the proteins. The ectopic expression of Pax genes in transgenic mice may therefore give new insights into the mechanism of action of Pax proteins.
The possible regulation of cell adhesion by Pax proteins could explain some of the mutant phenotypes. In this context, in vitro approaches will most probably contribute to the functional analysis of the Pax genes. 
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